The aim of this simple nonrandomized and observational study was to evaluate the efficacy of single three-dimensional (3D) plate for the treatment of mandibular angle fractures without maxillomandibular fixation. A total of 30 patients with noncomminuted fractures of mandibular angle requiring open reduction and internal fixation were included in the study. All the patients were treated by open reduction and internal fixation using single 3D titanium locking miniplate placed with the help of transbuccal trocar or Synthes 90-degree hand piece and screw driver. 3D locking titanium miniplates used in our study was four-holed, boxshaped plate, and screws with 2 mm diameter and 8 mm length. The following clinical parameters were assessed for each patient at each follow-up visit: pain (visual analog scale: 0-5), swelling (visual analog scale: 0-5), mouth opening, infection, paresthesia, hardware failure (plate fracture), occlusal discrepancies, and mobility between fracture fragments. A significant decrease in pain level was seen during the follow-up visits. No statistically significant changes were seen in swelling, but mouth opening increased in the subsequent visits. Also better results were seen in terms of fracture stability and occlusion in the postoperative period. Two cases of infection and two cases of hardware failure were noted in sixth postoperative week.
Fractures of the angle of mandible can present with longterm disabling sequelae and make up 23 to 42% of all fractures in the mandible.
1 Several proposed reasons why angle of the mandible is commonly associated with fractures are as follows: (1) the presence of third molars; (2) a thinner cross-sectional area than the tooth-bearing region; and (3) biomechanically the angle can be considered a "lever" area.
2
Optimum treatment of angle fractures remains controversial and plugged with highest postsurgical complication rate among mandibular fractures. The biomechanics of angle makes treatment of fractures in this region more difficult.
There are several methods used till date for the treatment of mandibular angle fractures. Fixation of mandibular angle fractures along the lines of osteosynthesis has been a widely used technique and regarded as a standard treatment. Myriads of ideas and modalities have been tried and contemplated that the goal of treatment is to bring the ends of the fracture into their anatomically correct position with as much precision as possible and to ensure, by the means of appropriate fixation, that bony consolidation should take place in this position.
3-5
Angle fractures have been controversial with regard to number and position of plates. Many also demonstrated gapping to take place at inferior border with a miniplate at the superior border as advocated by Champy et al. 6 To overcome this, two miniplate fixation was advised (second plate at inferior border), but it was associated with high postoperative complications. 7, 8 These shortcomings can be overcome by using three-dimensional (3D) plate. The aim of this study was to evaluate the efficacy of single 3D plate for the treatment of mandibular angle fractures without maxillomandibular fixation.
Materials and Methods
A simple nonrandomized and observational study was conducted at the Department of Oral and Maxillofacial Surgery, performed from August 2013 to March 2016. The institutional reviewer board and local ethical committee had approved the study. The study followed the criteria as declared by Helsinki. In this study, 30 adult patients without any systemic complications, who strictly met the inclusion criteria, were included. The inclusion criteria were noncomminuted fractures of mandibular angle and patients requiring open reduction and internal fixation (ORIF). The exclusion criteria were mandibular fracture with infection and a history of diabetes, uncontrolled hypertension, prolonged steroid therapy, compromised immunity, or associated bone pathologic features, alcoholics, and fracture older than 7 days.
The diagnosis was made on the basis of the clinical examination findings and radiographic interpretation. Routine investigations were performed. All patients provided informed consent before participating in this study. To remove the bias, a single surgeon had operated on all the patients under standard aseptic conditions and protocol.
All the patients were treated by ORIF with the application of transient intermaxillary fixation using embrasure wiring 9 as intraoperative means of stabilizing occlusion along with 2.0 mm Â 8.0 mm screws with 26-gauge stainless steel wire placed across the fracture line in mandibular angle to stabilize the fracture. Fixation of fracture was achieved using single 3D titanium locking miniplate placed with the help of transbuccal trocar or Synthes 90-degree hand piece and screw driver. The method of using transbuccal trocar or Synthes 90 degrees is totally dependent on the personal discretion of the surgeon. 3D locking titanium miniplates used in our study was four-holed, box-shaped plate, and screws with 2 mm diameter and 8 mm length. ORIF for all patients was done under general anesthesia with nasoendotracheal intubation (►Figs. 1 and 2). Prior to the application of the 3D locking miniplates in the patients;, a prefabricated stereolithographic simulation replica model was made with the help of polymethyl methacrylate (PMMA) to help in contouring of the plate. Hence, simulation of the surgery was done beforehand to ensure the maximum adaptability of plate across the fracture line. The cause of trauma, interval from injury to surgery, average age, gender, and distribution site were all assessed. Follow-up was done at the second day of surgery, and then at 6th and 12th weeks.
The following clinical parameters were assessed for each patient at each follow-up visit: pain (visual analog scale: 0-5), swelling (visual analog scale: 0-5), mouth opening, infection, paresthesia, hardware failure (plate fracture), occlusal discrepancies, and mobility between fracture fragments.
Statistical Analysis
The clinical parameters were assessed and analyzed by using a computer program statistics (SPSS Version 15.0; SPS Inc., Chicago, IL). Moreover, data were analyzed using number (%), mean standard deviation, Fischer's exact test, and Wilcoxon's signed rank test, and level of significance (p) was set to <0.05 (significant).
Results
A total number of 30 patients of both genders, with a mean age of 29.07 AE 14.19 (SD) years were enrolled in the study (►Tables 1 and 2). Road traffic accident was the most common etiology (60%) followed by interpersonal violence 3D plating system is an easy to use alternative to conventional miniplates to treat mandibular angle fractures that uses lesser foreign material, thus reducing the operative time and overall cost of the treatment. Better fracture stability and occlusion was also achieved using the 3D plating system. (20%) and iatrogenic (13.3%). There were two (6.7%) patients in whom the etiology was fall (►Table 3). Distribution of the patients was done according to the site involved and it has been seen that mandibular unilateral angle fracture on the right side (80%) was more commonly involved as compare with the left side (20%; ►Table 4). There was no bilateral involvement of mandibular angle in terms of fracture.
A total of 10 (33.3%) patients had no associated injury. Mandibular parasymphysis fracture was the most common associated injury (n ¼ 8; 26.7%). A total of six (20.0%) patients had fracture of the body of the mandible, while another six (20%) patients had condylar fractures (►Table 5). A total of 16 (53.3%) patients were treated with ORIF using the right angle Synthes handpiece and screwdriver (RASS) and remaining 14 (46.7%) patients were treated with ORIF using the transbuccal trochar and cannula (TBTC; ►Table 6).
Preoperatively (at baseline), mean pain score was 3.15 AE 0.52. On day 2 of first week postoperative interval, the mean pain score dropped to 2.0 AE 0.22, thus showing a change of 1.10 AE 0.63. Statistically, this change was significant (p ¼ 0.001). On week 6 postoperative interval, the mean pain score was 0.11 AE 0.50, thus showing a mean change of 3.04 AE 0.55 from baseline (p < 0.001). By the end of follow-up at 12 weeks, none of the patients reported any pain. Thus, it was observed that a significant decrease in pain score was evident from day 2 of first week (►Table 7).
At baseline (preoperatively), there were 18 (60%) patients with swelling. On day 2 postoperative interval, the number increased to 28 (93.3%). However, on comparing the data statistically, the change was not found to be significant (p ¼ 0.080; ►Table 8).
Before the procedure, mean mouth opening was 19.70 AE 3.80 mm. On the 2nd day of first week postoperative interval, the mean mouth opening reduced to 16.20 AE 4.02 mm, thus showing a reduction of 3.40 AE 4.78 mm which was also significant statistically (p ¼ 0.014).
At week 6 postoperative intervals, the mean mouth opening was 26.50 AE 5.30 mm, thus showing an increase of 6.83 AE 4.54 mm from baseline. Statistically this change was also significant (p ¼ 0.001). At 12th week postoperative interval, the mean mouth opening reached to the level of 36.10 AE 6.00 mm, thereby showing an increase of 16.43 AE 5.93 mm from baseline. The change was also statistically significant (p ¼ 0.001; ►Table 9).
Preoperatively, all but two (28 [93.3%]) patients had malocclusion. However, from day 2 postoperative interval onwards, none of the patients had malocclusion. Thus, showing a statistically significant change from day 2 postoperative interval itself and thereafter showing sustenance of this change till the follow-up at 12 weeks (►Table 10).
At baseline, all the cases had mobility among the fractured segments. However, from day 2 postoperatively, none of the cases showed fracture mobility, thus showing a significant change from baseline (p < 0.001; ►Table 11).
Only two cases of infection and hardware failure were reported at 6th week postoperative interval. However, the change was not significant statistically (p ¼ 1; ►Tables 12 and 13).
Preoperatively (base line level), 24 (80%) cases had temporary paresthesia. However, from first postoperative day onwards, a total of 26 (86.7%) cases had paresthesia. It implies that there was no statistically significant improvement in paresthesia (p ¼ 1; ►Table 14).
Discussion
The treatment of mandibular angle fractures has evolved over the years from wire fixation to rigid fixation. When treated appropriately and with patient compliance, the outcome of both methods has been successful and resulted 
in proper bone healing. However, rigid internal fixation has been shown to have certain advantage in the treatment forming a "stronger bone" as well as requiring little or no maxillomandibular fixation and thus allowing earlier physical rehabilitation and function for the patient.
3,10-15
The application of maxillo-mandibular fixation (MMF) creates several well-known and significant problems for both patient and surgeon. The patient's inability to open the mouth leads to nutritional deficits, suboptimal wound healing, and weight loss. The MMF hardware often creates painful abrasions and ulcers in the oral mucosa. Also, prolonged immobilization of the temporomandibular joint leads to ankylosis and bone resorption. MMF can also lead to lifethreatening complications, as patients with nausea and/or substance abuse aspirate gastric contents during episodes of emesis. Because of such problems, the use of rigid fixation is appealing, as it allows early recovery of mandible function with limited or no need for postoperative maxillomandibular fixation. No patients were put on MMF in this study.
16-18
Two miniplate fixations of mandibular angle fracture had more biomechanical advantage in most of in vitro studies, but when using it via intraoral approach, this technique requires reflection of all soft tissues from the mandible, increasing intraoperative trauma and in addition it also prolongs the operating time. When used in extraoral approach, it increases the bacterial contamination, scarring, postoperative edema, hematoma, and marginal mandibular nerve damage. 5, 7, 8, [19] [20] [21] In this study, all mandibular angle fractures were fixed using a single 3D Ti miniplate in accordance with Champy's principle and he recommended a single noncompression miniplate, ventral to oblique line for mandibular angle fracture. Ellis 
19-21
In accordance with the literature, biplanar plate orientation 4 provides greater biomechanical stability than the monoplanar one. In addition, it is confirmed in the literature that the greater biomechanical stability is obtained with a miniplate placed obliquely than horizontally. Titanium 3D plating system was developed by Farmand 23 to meet the requirements of semi rigid fixation with lesser complications. The 3D plate is a misnomer, as the plates are not 3D but hold the fracture fragments rigidly by resisting the forces in three dimensions, namely shearing, bending, and torsional forces. [23] [24] [25] [26] The basic concept of 3D fixation is that a geometrically closed quadrangular plate secured with bone screws creates stability in three dimensions. The stability is gained over a defined surface area and is achieved by its configuration and not by thickness or length. 27, 28 The large free areas between the plate arms and minimal dissection allow good blood supply to the bone.
23,25
When only one linear plate is placed at the superior border, torsional and bending forces usually cause movement along the axis of the plate with buccal-lingual splaying and gap formation at the inferior border, respectively.
5
However, the 3D titanium miniplate does not allow for any movement at the superior and inferior borders with manual torsional and bending forces, as opposed to when a single linear plate is applied to the superior border area. Because the screws are placed in a box configuration on both sides of the fracture rather than on a single line, broad platforms are created that may increase the resistance to torsional forces along the axis of the plate. The 3D plating system uses fewer plates and screws as compared with conventional miniplates to stabilize the bone fragments. Thus, it uses lesser foreign material as well as reduces the operation time and overall cost of the treatment. 23, 25, 27, 29, 30 Whether one method is superior to other is difficult to determine. Zix et al 25 concluded that 3D plating system is an easy-to-use alternative to conventional miniplates to treat mandibular angle fractures. 5, 31 Various researches show that the 3D plating system offers more favorable biomechanical behavior than the conventional miniplates in terms of stability and strain resistance in different regions of mandible.
23,25,29-31
In this study, 30 angle fractures were present in 30 patients. Out of which majority of patients were males (80%) and fracture side mostly involved was right side, a similar finding found in the study of mandibular angle fracture performed by Bui et al. 29 Patients' age ranged from 18 to 60 years, and around half of the patients (46.7%) were aged between 21 and 40 years. A total of 12 (40%) patients were aged 20 years, while remaining 4 (13.3%) patients were older than 40 years. Mean age of patients was 29.07 AE 14.19 (SD) years. Mean age of the patients in other studies was 28.6 years by Guimond et al, 5 26 years by Bui et al, 29 and 33.9 years by Zix et al. 25 Out of the 30 angle fractures, 10 fractures were isolated and 20 fractures were associated with other fractures. Mandibular parasymphysis fracture was the most common associated injury (n ¼ 8; 26.7%) in our study, which is similar to the study conducted by Jain et al.
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In our study, road traffic accident was the most common etiology (60%) followed by interpersonal violence (20%) and fall (13.3%). Similar findings were also observed in the study by Jain et al. 30 Higher incidence of road traffic accident can be explained by the fact that there are no comprehensive rules for traffic safety in our country as there are in western countries. These need to be formulated and strictly enforced. However, in some other studies of 3D plating system, the common etiology of mandibular angle fracture was interpersonal violence.
5,25,29
In our study, ORIF was performed in standard operating protocol using TBTC and intraoral approach using the right angle Synthes handpiece and screwdriver (RASS). There was good immediate postoperative stability in all patients.
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Pain and swelling associated with the procedure was recorded for all patients preoperatively and during various follow-up stages based on a visual analog scale.
Preoperatively, the mean pain score was 3.15 AE 0.52. At day 2 postoperative intervals, the mean pain score dropped to 2.0 AE 0.22; on 6th postoperative interval, mean pain score was 0.11 AE 0.50 and by the end of follow-up at 12th, none of the patients reported any pain. Preoperatively, there were 18 (60%) patients with swelling. On 2nd day of first week, the number increased to 28 (93.3%). Thus, it was observed that a significant decrease in pain score was evident from day 2 for all patients except two of the patients who had an increase in pain and swelling on the 6th postoperative week which was due to infection. The still higher pain and swelling scores on day 2 was perhaps due to the surgical exposure required for adaptation and manipulation of the 3D titanium miniplate.
Cawood 10 compared 48 patients of mandibular angle fracture of which 27 were treated with miniplate fixation and 21 patients with wire fixation along with 6 weeks of MMF. At 4 weeks, the miniplate group achieved an average of 42-mm interincisal opening, whereas in the wire fixation group it was only 34 mm 15 weeks postoperatively. In this study, all the patients were treated with 3D titanium miniplate fixation, and at baseline all the patients had a mean mouth opening that was 19.70 AE 3.80 mm. At 12th week postoperative interval, the mean mouth opening reached to the level of 36.0 AE 6.0 mm, thereby showing an increase of 16.43 AE 5.94 mm from baseline. The change was significant (p < 0.05).
Restoration of occlusion is one of the most important goals in the management of fractures of dentofacial region. The effect of not restoring the occlusion to its original condition is disabling and can cause severe effects especially on the temporomandibular joint. In this study, the occlusion of patients was checked preoperatively and during the follow-up stages after surgery. All 30 patients of 3D titanium miniplate osteosynthesis had normal occlusion postoperatively. Malocclusion was not observed in any case and its results were similar to studies performed by Bui et al 29 and
Jain et al 30 in 3D mandibular angle fracture. Thus, it is evident that in 3D plating system, chances of achieving good stable occlusion is relatively high. Mobility at the fracture site was examined in all patients preoperatively and during various follow-up stages. Preoperatively, all 30 patients had mobility across the fractured segments. However, from day 2 post-operatively, none of the cases showed any mobility. Thus, the results of our study are similar to biomechanical comparison study performed by Alkan et al 4 wherein it was concluded that stability is better with 3D plating system. Minor mobility was present when single miniplate was used in the angle region with Champy's principle according to Feller et al.
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All biomechanical tests in which a second miniplate had been fixed to the lower border of mandible revealed less mobility, however, Ellis and Walker 22 also found that adding a second plate at angle region had a disadvantage, as it increases the implant load in the angle region, but in case of 3D plating system, implant load is reduced and better stability can be achieved. Mandibular angle fractures are often contaminated by oral bacteria. The propensity of infection is increased with the natural reluctance of patient to swallow or move their tongue freely so that stasis develops with consequent accumulation of debris in the region of fracture. This encourages multiplication of bacteria and the greater delay in obtaining reduction and immobilization; the more likely is that infections will result. Postreduction infection at the fractured site is not only the result of contamination but is also related to reduced stability of fracture, that is, mobility of fractured segments. Stability is considered as the best protection against infection, as movement in the presence of foreign bodies (i.e., loose screws) usually leads to infection and pseudoarthrosis. Avascularity is shown to be one of the primary risk factor and so is the presence of teeth in fracture line.
Patients were evaluated preoperatively and postoperatively at 2nd day, 6th week, and 12th week after surgery for the signs of infection. Swelling, local rise in temperature, local inflammation, and pus discharge were considered indicators for the presence of infection. The infection rate in our series was 6.7% at second follow-up, whereas in other studies infection rate was 5 ; the reason for the hardware failure most likely lies in the reduced interfragmentary cross-sectional bone surface at the fracture site. However, significant amount of contact surface is lost by removal of tooth from the fracture line itself, and this contact is additionally reduced by associated removal of bone around the third molar to be extracted. In analyzing the cause of hardware failure, several factors have to be considered. Besides the technical aspects, such as the material and the form of the plate, there are some surgical factors which contribute to weakening of the plate. Multiple bending and improper placements of the plate, as well as insufficient fracture reduction or over drilling of the screw holes, have negative effect on the stability of the fixation, resulting in plate fracture. However, in our study of 30 patients, third molar was not removed in any of the cases, but only in two cases there was hardware failure in the form of a loosened screw that was later on removed which is secondary to infection. It implies that infection was the primary cause of the loosened screw which we have included as hardware failure in our study.
Paresthesia of inferior alveolar nerve was 6.7% in our study and is similar to the study by Feller et al 32 on miniplate fixation using Champy's principle where paresthesia rate was 6%. Incidence of low paresthesia in our study is due to the use of monocortical plate as compared with other types of plating system in which chance of inferior alveolar nerve injury is more due to bicortical screws. This study is a sincere attempt to clinically evaluate the efficacy of single 3D titanium locking miniplate in the treatment of mandibular angle fractures without maxillomandibular fixation. The major drawback of our study is that no control group was included.
The results of this study suggest that fixation of mandibular angle fracture with 3D plates provide 3D stability and carries low morbidity and infection rates. The only probable limitation of these plates may be excessive height of the implant material due to the extravertical bars incorporated for countering the torque forces.
Conclusion
3D titanium locking miniplate can be used as an alternative to conventional miniplates. The system is reliable and an effective treatment modality for mandibular angle fractures. It should be considered in the armamentarium of all the surgeons dealing with the facial fractures.
